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Abstract
We show that the recent paper [1], claiming that the radiative decays φ → a0(980)γ and φ →
f0(980)γ should be of the same order of magnitude regardless of whether the a0(980) and f0(980)
are compact four-quark states or extended KK¯ molecule states, is misleading.
PACS numbers: 12.39.-x 13.40.Hq 13.66.Bc
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Recently Ref. [1] has claimed that the radiative decays of the φ meson to the scalar
a0(980) and f0(980) ”should be of the same order of magnitude for a molecular state and
for a compact state...”. We show below that this claim is misleading. The authors of Ref.
[1] think that their amplitude of the φ → K+K− → γS transition (where S = a0 or f0) is
caused by the nonrelativistic kaons in the KK¯ molecule S. However, we will show below
that this is incorrect.
Eq. (14) in Ref. [1], describing the φ→ γS amplitude, is
Jik = 2J
(a)
ik + J
(c)
ik + J
(d)
ik = −δik
i
4pi2
(a− b)I(a , b ; Γ) + ... , (1)
where the subscripts ik are the spatial Lorentz indices referring to the φ and the photon,
2J
(a)
ik corresponds to the sum of the diagrams of Fig. 1(a) and 1(b), J
(c)
ik corresponds to
the diagram of Fig. 1(c), and J
(d)
ik corresponds to the diagram of Fig. 1(d) ( which is
added because ”gauge invariance calls for a correction term induced by this additional flow
of charge” [1] in an extended molecule case), a = m2φ/m
2
K , b = m
2
S/m
2
K . ”Terms that do not
contribute to the process of interest are not shown explicitly” [1]. Note that Fig. 1 of our
paper corresponds to Fig. 1 of Ref. [1].
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FIG. 1: Diagrams contributing to the radiative decay amplitude (1).
Assuming the nonrelativistic kinematics of kaons in the loop, the authors of Ref. [1]
obtain the individual integrals
2J
(a)
ik = −
i
m3
∫ d3k
(2pi)3
kikjΓ(|k-q/2|)
[EV −
k2
m
+ i0][ES −
(
k-q/2
)
2
m
+ i0]
,
J
(c)
ik = −
i
2m2
δik
∫
d3k
(2pi)3
Γ(k)
ES −
k2
m
+ i0
,
J
(d)
ik = −
i
2m2
∫
d3k
(2pi)3
kikj
EV −
k2
m
+ i0
1
k
∂Γ(k)
∂k
, (2)
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where EV = mV −2m > 0, ES = mS−2m < 0, m = mK , V = φ, q is a photon momentum,
k is a kaon momentum in a molecule, k = |k|, Γ(k) = β2/(k2 + β2), 1/β is a potential
range [2]. The range of β is typically mρ ≈ 0.8 GeV, because the ρ-meson exchange in the
t-channel ”is responsible for the formation of scalars” [1]. The authors of Ref. [1] calculate
(a− b)I(a, b; Γ) at q=0
(a− b)I(a, b; Γ) = 2(a− b)I(a)(a, b; Γ) + (a− b)I(c)(a, b; Γ) + (a− b)I(d)(a, b; Γ) , (3)
where
2(a− b)I(a)(a, b; Γ) = i 4pi2
1
3
2J
(a)
ii =
∫
1
3m3
k2Γ(k)
[EV −
k2
m
+ i0][ES −
k2
m
+ i0]
d3k
2pi
,
(a− b)I(c)(a, b; Γ) = i 4pi2
1
3
J
(c)
ii =
∫
1
2m2
Γ(k)
ES −
k2
m
+ i0
d3k
2pi
, (4)
and
(a− b)I(d)(a, b; Γ) = i 4pi2
1
3
J
(d)
ii =
∫
1
6m2
k2
EV −
k2
m
+ i0
1
k
∂Γ(k)
∂k
d3k
2pi
. (5)
To reveal what kaon momenta are essential in the real part of the φ → K+K− → γS
amplitude, we introduce a cutoff k0 in Eqs. (4) and (5) (|k| = k ≤ k0) and calculate the
auxiliary integral
(a− b)ReI(a, b; Γ ; k0) = 2(a− b)ReI
(a)(a, b; Γ ; k0) + (a− b)ReI
(c)(a, b; Γ ; k0)
+(a− b)ReI(d)(a, b; Γ ; k0) (6)
for β= 0.2 GeV, 0.3 GeV and 0.8 GeV [1, 3]. When k0 → ∞ the integral I(a, b; Γ ; k0) →
I(a, b; Γ ; ∞) ≡ I(a, b; Γ). We use mS = 980 MeV, mK = 495 MeV [1]. In Fig. 2 is depicted
the ReI(a, b; Γ ; k0) dependence on a cutoff k0 for different β.
As is obvious from Fig. 2, the contribution of the nonrelativistic kaons (k0 < 0.3 GeV)
into ReI(a, b; Γ) is small in all instances. What’s more the ultrarelativistic kaons (k0 > 2
GeV) determine the real part of the φ → K+K− → γS amplitude in the typical case of
β = 0.8 GeV, see Fig. 2(b) [4]. So the authors of Ref. [1] use a nonrelativistic description
beyond its region of applicability [5].
The authors of Ref. [1] in fact evaluate the (d)-contribution by integrating Eq. (5) by
parts. This gives a contribution (a−b)ReI˜(d)(a, b; Γ ; k0) which when summed with the 2(a−
b)ReI(a)(a, b; Γ ; k0) and (a− b)ReI
(c)(a, b; Γ ; k0) contributions gives (a− b)ReI˜(a, b; Γ ; k0)
shown in Fig. 3.
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FIG. 2: (a− b)ReI(a, b; Γ ; k0) (the definition in the text, see Eq. (6)). The solid line for β = 0.8
GeV, the dashed line for β = 0.3 GeV, the dotted line for β = 0.2 GeV. (a) k0 ≤ 2 GeV, (b) k0 ≥ 2
GeV. The limit values of (a − b)ReI(a, b; Γ ; ∞) ≡ (a − b)ReI(a, b; Γ) are: 0.16 for β = 0.8 GeV,
0.116 for β = 0.3 GeV, 0.079 for β = 0.2 GeV.
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FIG. 3: (a− b)ReI˜(a, b; Γ ; k0), k0 ≤ 2 GeV, I˜(a, b; Γ ; ∞) ≡ I(a, b; Γ ; ∞) ≡ I(a, b; Γ). The solid
line for β = 0.8 GeV, the dashed line for β = 0.3 GeV, the dotted line for β = 0.2 GeV.
As is seen from Fig. 3, the integral (a−b)ReI˜(a, b; Γ ; k0) converges in the nonrelativistic
region (k0 < 0.3 GeV). The authors call this operation ”a trick” [1] believing that the rapid
convergence of (a− b)ReI˜(a, b; Γ ; k0) justifies their nonrelativistic approximation. But only
(a − b)ReI(a, b; Γ ; k0) represents the momentum (or space) distribution of kaons and, in
particular, the distribution of the charge flow in theKK¯-molecule and shows that the decays
occur at small distances for the annihilation of the ultrarelativistic kaons and antikaons
(k0 > 2 GeV) in the typical case, see Fig. 2(b). The difference between (a−b)ReI(a, b; Γ ; k0)
4
and (a− b)ReI˜(a, b; Γ ; k0) equals the slow convergent integral of the total derivative,
(a− b)ReI(a, b; Γ ; k0)− (a− b)ReI˜(a, b; Γ ; k0) =
1
3m2
∫ k0
0
d
(
k3Γ(k)
EV −
k2
m
+ i0
)
, (7)
which vanishes at k0 →∞. As for the finite k0, discarding this contribution leads to a loss
of physical significance.
So, the real part of the K+K− loop is caused by the kaon high virtualities, that is, by
a compact four-quark system, which points to four-quark nature of the a0(980) and f0(980)
mesons [6].
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